Abstract-Bread wheat (Triticum aestivum L.) germplasm consisting of 45 genotypes were clustered pheno typically using ten morphological traits and Area Under Disease Progress Curve (AUDPC) as measure of stripe rust resistance. The clustering was ratified by using twenty three molecular markers (SSR, EST and STS) linked to stripe rust (Puccinia striiformis f. sp. tritici) resistant QTLs. The aim was to asses the extent of genetic variability among the genotypes in order to select the parents for crossing between the resistant and susceptible genotypes with respect to stripe rust. The Euclidian dissimilarity values resulted from phenotypic data regarding morphological traits and AUDPC were used to construct a dendrogram for clustering the accessions. Using un weighted pair group method with arithmetic means, another dendrogram resulted from the similarity coefficient values was used to distinguish the genotypes with respect to stripe rust. Clustering based on phenotypic data produced two major groups and five clusters (with Euclidian dissimilarity ranging from 2.44 to 16.16) whereas genotypic data yielded two major groups and four clusters (with percent similarity coefficient values ranging from 0.1 to 46.0) to separate the gene pool into highly resistant, resistant, moder ately resistant, moderately susceptible and susceptible genotypes. With few exceptions, the outcome of both type of clustering was almost similar and resistant as well as susceptible genotypes came in the same clusters of molecular genotyping as yielded by phenotypic clustering. As a result seven genotypes (Bakhtawar 92, Frontana, Saleem 2000, Tatara, Inqilab 91, Fakhre Sarhad and Karwan) of diverse genetic background were selected for pyramiding stripe rust lesistant genes as well as some other agronomic traits after hybridization.
INTRODUCTION
Stripe (yellow) rust caused by a fungus Puccinia striiformis f. sp. tritici (an obligate biotrophic organ ism) is a devastating disease of wheat worldwide [1] . Grain yield losses from 10 to 70% have been reported depending upon the cultivar grown and conducive environmental conditions during ear emergence [2, 3] . Cultivation of genetically resistant cultivars is the most effective, environmentally safe, and econom ical measure to control the disease [4] . In many wheat growing areas of Pakistan, the disease appeared during the year 2004-2005 as the indirect tsunami effect and caused excessive rain fall with associated humid con ditions from February till April thereby making envi ronmental conditions highly conducive for the disease development [4] . Yield loses and use of fungicidal control of the disease in the crop can be overcome up 1 The article is published in the original.
to great extent through development and cultivation of resistant wheat cultivars.
Resistant to stripe rust like other metric traits is under control of cumulative effect of both major genes and polygenes [4] . Incorporation of resistant genes into a single genotype is based on the genetic variabil ity of the germplasm to be used as resistant source [5] , It is therefore, imperative to determine the extent of genetic variability among the available germplasm to be utilized in the breeding programme. Smith et al. [6] considered morphological characterization as first step in description and classification of germplasm that needs to be supplemented through the use of molecular characterization as the morphological traits represent few loci and are highly influenced by envi ronmental fluctuations [7] .
Several techniques such as restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), sequence tagged sites (STS), amplified fragment length polymorphism (AFLP), expressed sequence tag (EST), simple sequence repeats (SSR) and others are currently in use for assessment of genetic variability in crop plants including wheat. Of these, the SSR or microsatellites are DNA based short (2-6 bp) tandemly repeated units with high polymorphism even among closely related cultivars with variation due to mutational events [8] . The polymorphism can be easily detected at specific loci using specific primers in the flanking regions of such loci [1] and can be used as an efficient and economical method for the assessment of genetic diversity in both eukaryotes and prokaryotes [9] . The present study was organized to assess genetic variabil ity among 45 accessions of bread wheat (Triticum aes tivum L.) using Area under disease progress curve (AUDPC) for stripe rust and some morphological traits as input for phenotypic clustering. The clustering was further ratified by using molecular markers, including SSR, EST and STS type, linked to 20 differ ent stripe rust resistant QTLs. The aim was to select parents for crossing among the accession for pyramid ing stripe rust resistant genes and some economically important agronomic traits from different sources into a single line. The study on crosses which resulted from the selected parents was extended to determine gene action regarding stripe rust resistance [4] including some agronomic traits.
Selection of Parents for Crossing Based on

MATERIALS AND METHODS
Plant Material and Experimental Site
Forty five genetically diverse bread wheat acces sions were collected from Wheat Research Institute (WRI), Faisalabad and NIFA, Peshawar. Origin and source of the genotypes is shown in Table 1 . All the genotypes were planted in two separate experimental plots, i.e. one as stripe rust screening nursery and another as stripe rust free condition i.e. no artificial inoculation [4] . Each accession was planted in two replications in two meter long rows per entry with 20 seeds per row in randomized complete block design at experimental field of Nuclear Institute for Food and Agriculture (NIFA), Peshawar, Pakistan, situated at latitude 34°01′ N and longitude 71°40′ E, and altitude 347 m AMSL, during October 2003. The plot area per entry in each experimental set was 1.2 m 2 .
Field Evaluation of Stripe Rust and Agronomic Traits
In stripe rust screening nursery, spreader "Morocco" (a susceptible check) was sown as border around each entry of the nursery for spreading stripe rust (Puccinia striiformis f. sp. tritici) spores through the nursery material. Following the methodology of Zadoks et al. [10] , the nursery material was inoculated by spraying spores suspension (1 gram urediospores ml - [11] ). The nursery material was covered with plastic sheets for 48 hours to avoid washing of spores by dew drops/rain and uncovered on the third day of inoculation [4] . In order to make conditions condu cive for spores multiplication and disease develop ment, spraying of plane water in late afternoon on each second day was conducted on the inoculated material for a period of fortnight till the disease symp toms appeared in the field [4] . Observations on indi vidual plants for disease reaction were started 22 days after inoculation.
Rust severity (percentage of leaf area with symp toms) was determined by phenotypic observation and recorded from 0 to 100% of rust infection on 5 selected plants with in each population according to the modi fied Cobb scale [12] . The severity was recorded from 0-9 points disease rating scale on the top three leaves of five randomly selected plants from each accession with little modification to those of Line et al. [13] as suggested by Imtiaz et al. [2] . Second reading of dis ease incidence on all selected plants was recorded after seven days of the first reading. Observations on response and severity of stripe rust were recorded according to Loegering [14] . The term trace (T) was used below 5% severity for recording correct readings of severity up to interval 2. Five and 10 percent inter vals were used from 5 to 20 percent and higher severity readings, respectively. The procedures regarding the response of individual plants within each population to the type of stripe rust infection are summarized in Table 2 . Severity and reaction were recorded together with severity first. The coefficient of infection (CI) for the rust was calculated in the manner used in CIMMYT and IRN (USDA) i.e., by multiplying the response value with the intensity of infection hi percent. Aver age coefficient of infection (ACI) was derived from the sum of CI values of each entry divided by the number of replications. Based on rating scale suggested by Doling [15] for selecting wheat varieties to powdery mildew, little modifications were made and a rating scale for disease resistance as adapted by PARC Islam abad, Pakistan for measuring cereal rusts severity [16] and later adopted by ARC (Agricultural Research Council) of Great Britain for the farmers was followed in this study. Using the following formula [17] , AUDPC was calculated for individual plants from the C.I. values of the original rust severity data. where X i and X i + 1 are severity in the form of CI value on date i and date i + 1, respectively and t i is the num ber of days between date i and date i + 1. Data for ten different agronomic traits as detailed in Table 5 were recorded on five individual plants to the trait's relevant appropriate growth stages with in each entry of the un inoculated experimental set.
Mean, range, standard deviation, and coefficient of variation [18] were calculated from mean values of AUDPC for resistance against stripe rust and agro nomic traits for measuring the genotypic differences among the accessions. Euclidean distance was esti mated for all pairs of accessions. The resulting euclid ean dissimilarity coefficient matrices were used to established the relationship between the accessions with cluster analysis using ward's method (Statistica version 7.0).
DNA Extraction, Use of Molecular Markers and Genotyping
Using two weeks old tender leaves (weighing 3 g), DNA samples from 45 wheat accessions were isolated according to the method outlined by Maroof et al. [19] in Institute of Biotechnology, Jiangsu Academy of Agricultural Sciences (JAAS), Nanjing, China. In all 60 primers based on thirty stripes rust resistant genes were surveyed from grain genes and other sources for amplification of DNA samples (3 μl per sample) of forty five genetically diverse accessions. Among these, only 23 primers for 20 different stripe rust resistant genes were selected on the basis of their distinct band ing patterns and were manufactured from Shanghai Sangon Biological Engineering Technology and ser vices Co, Ltd. The primers along with stripe rust resis tant genes and other necessary information are pre sented in Table 7 . Polymerase chain reaction was per formed in the 96 well (0.25 ml) polycarbonate micro plate using 90 wells for two primers at a time per run. The template DNA (3 μl) in the PCR reaction was mixed with premix at the rate of 17 μl per sample. The Premix was consisted of dd H 2 O (9 μl), primer con cerned (3 μl), 10 × buffer (2 μl), 25 mM MgCl 2 (1.2 μl), 10 mM dNTPs (1.6 μl) and Taq polymerase (0.2 μl). The thermocycler was adjusted for three major steps per cycle. After initial denaturation at 94°C for three minute, the PCR was carried out for 45 cycles. The cycle programme consisted of a dena turation step (94°C for 3 minutes), an annealing step for 1 minute (the annealing temperature for each primer is shown in Table 7 ) and an extension step at 72°C for 2 minutes. The last cycle was followed by a final extension polymerization of 10 minutes at 72°C. The amplification products were separated on 1.2% (W/V) agarose gell in 1 TBE buffer, stained by ethidium bromide, visualized and photographed under UV light through gel electrophoresis images analysis system. Each DNA fragment amplified by a given primer was taken as a unit and the suggested bands linked to the QTLs were scored as present (1) or absent (0) for each of the primer accession combination. The molecular size of the amplification product was mea sured with DNA marker DL 2000. The accessions were scored for the presence or absence of bands linked to the stripe rust resistance QTLs. Polymoiphic bands were scored in MS excel programme for win dows and used for further analysis. Similarity coeffi cient between wheat lines was computed using SIM QUAL module of computer software NTSYSpc [20] . The SAHN module was used for cluster analysis with the Unweighted Pair Group Method with Arithmetic mean (UPGMA).
RESULTS
Phenotypic Clustering Based on Agronomic Traits and AUDPC for Stripe Rust
Mean values of AUDPC (Table 3 ) and ten agro nomic traits (Table 4) were used to construct Euclid ean dissimilarity coefficient matrix and phenogram ( Fig. 1) was constructed for 45 wheat accessions. The dissimilarity range was from 2.44 to 16.16 among all the accessions. The dendrogram showed five clusters. Group A is consisted on three and group B on two clusters. Cluster vise means and standard deviations of AUDPC and ten agronomic traits are presented in Table 5 whereas grouping based on different clusters along with Euclidean distances is presented in Table 6 . In group A, nine genotypes i.e. Saleem 2K, CT 02248, CT 01183, CB 61, CB 185, AS 2002, CB 145 and BANA 4 were in cluster 1 which presents 20% of the total material ( Table 6 ). The accessions in cluster 1 showed AUDPC in acceptable range (104.49 ± 14.31) and short plant height (86.18 ± 11.62). Cluster 2 (Table 6) (Table 5) , the accessions from this cluster can be picked up for highest Yr resistance (AUDPC: 3.57 ± 18.84), broad flag leaf area (24.89 ± 4.67) and larger seed size (1000 grain weight: 37.89 ± 6.16). Undesired traits of these accessions are the tendency to lodging because of tall plant height (96.08 ± 10.97) and late maturity (165.89 ± 7.30). Group B contains two clusters i.e. cluster 4 and cluster 5 (Table 6 ). Cluster 4 contains nine accessions (CT 02192, V 84051, Soleman, CB 179, CB 196, CB 325, E 41, Mango and E 29), sharing 20% with total population. The accessions in this cluster exhib ited medium range for all the traits (Table 5 ). Cluster 5 of group B is the smallest one (Table 6 ). It has three accessions (Inqilab 91, CB 197 and CB 289) and contributes only 3% to the total population. The accessions included in this clusters have the highest value regarding yield components such as flag leaf area (25.52 ± 5.97), number of spikes per plant (11.42 ± 4.07), number of spikelets per spike (22.65 ± 0.23), grains per spike (58.76 ± 8.92), 1000 grain weight (37.52 ± 1.62), grain weight per spike (2.18 ± 0.37) and grain yield per plant (14.37 ± 2.08). The accessions of this cluster (mean AUDPC = 244.40 ± 6.61) were found highly susceptible to yellow rust (Table 5 ). 
Genotyping of the Germplasm for Stripe Rust Based on Molecular Markers
DNA samples of 45 bread wheat accessions were amplified for 23 SSR, EST and STS primers linked to yellow rust resistant QTLs ( Table 7) . The similarity coefficient matrix were calculated (Table 9 ) and used to construct a dendrogram (Fig. 2) representing two groups (1 and 2) and four distinct clusters (A, B, C and D) which are further detailed in Table 8 (Table 8 ). The lines including in cluster A represent highly resistant material of the germplasm to the stripe rust. All the lines in cluster A are the same as in cluster 3 of Table 6 except Saleem 2000 and B 92 which are lying in clus ter 1 and cluster 2, respectively ( Table 6 , respec tively. The genotypes of this cluster (C) are resistant to moderately resistant (R MR) in accordance with Table 5 for yellow rust because none of these lines belong to cluster 5 of ately resistant reaction are lying in clusters A and B and have come from cluster 1, 2, 3 and 4 of Table 6 . The highly susceptible lines belonging to cluster 5 of Table 6 such as Inqilab 91, CB 197, CB 289 and UQAB 2000 are falling in cluster C representing the lines to be susceptible to stripe rust.
Phenotypic Clustering
In the present study by using cluster analysis, 45 genotypes of the gene pool were classified into two distinct groups as well as five clusters (Fig. 1, Tables 5,  6 ) regarding AUDPC and several other agronomic traits. The Euclidian distance ranged from 2.81 to 16.16 based on dissimilarity ( Table 6 ). The lines which showed similarity with respect to stripe rust resistance (AUDPC) as well as agronomic traits were character ized in the same cluster. The distance among the lines of the same cluster helped to select the parents with con siderable genetic diversity for crossing. The accessions included in various clusters were different from one another with respect to parentage and phenotypic expression. Seven different parents i.e. Frontana, (B 92), Saleem 2000, Tatara, Inqilab 91, FS and Karwan, differing in their pedigree were selected for the cross ing. Among these lines, Karwan and FS belonged to a common cluster (Cluster 3 of Table 6 ) but they still have discrimination by Euclidean distance of 4.95.
Use of Molecular Markers and Genotyping the Accessions
High level of polymorphism among the SSR prim ers was observed and more than 750 bands were pro duced as PCR products for all the accessions. Among these, only 56 scorable and reproducible bands (70.5% polymorphic) were taken into account. The numbers of bands associated with each primer along with prod uct size are presented in Table 7 . These bands were exactly the same as suggested by different researchers to be closely linked to stripe rust resistant genes. The genotyping based on molecular markers (SSR, EST and STS) for stripe rust resistance genes classified the resistant and susceptible genotypes in distinct groups and clusters thereby separating the gene pool (45 gen otypes) into two different groups i.e. 1 and 2 ( Fig. 2 and Table 8 ). Each group in turn was consisted of two clusters i.e. A, B and C, D, respectively. With little deviation, the cluster analysis based on genotyping showed almost the same results as yielded by the anal ysis of data based on phenotypic observation (Fig. 1,  Table 6 ).
DISCUSSION
The objective of the present study was to estimate the extent of genetic variability among 45 accessions of bread wheat in order to select suitable parents for crossing so as to combine genes into single lines from diverse genotypes with respect to stripe rust resistance and some other agronomic traits. The clustering was based on field data (regarding stripe rust resistance and some other agronomic traits as detailed in Table 5 ).
Since the cluster analysis was based on AUDPC as a measure of stripe rust resistance and ten agronomic traits, therefore, the clusters were obtained on the basis of linkage distance and related traits. As the phe notypic observations are highly influenced by the envi ronmental fluctuations, therefore, the grouping of the germplasm was ratified as well by molecular marker based analysis using some markers linked to stripe rust resistant quantitative trait loci (QTLs). Some SSR, EST and STS molecular markers were included in the present study. Information regarding the primers was searched out from websites graingenes (http://wheat.pw.usda.gov/cgi bin/graingenes/report. cgi), (http://maswheat.ucdavis.edu/protocols) and other sources. Since DNA samples consisted of extracts from three to five seedlings of hexaploid wheat accessions, a low intensity of any particular fragment may be explained by the lesser representation of that specific sequence hi the bulk sample of DNA. Thus the intensity of the band was not taken in to account and the fragments with identical mobility were consid ered to be identical fragments. Using molecular mark ers linked to stripe rust resistant QTLs, the methodol ogy for genotypic clustering of the present study was the same as suggested by Sixin et al. [21] , McCartney et al. [22] and Zhuping et al. [23] . They used the meth odology for characterization of resistant and suscepti ble wheat lines by microsatellite markers linked to fusarium head blight (FHB) resistant quantitative trait loci. Using SSR markers linked to stripe rust resistant QTLs, Fahima et al. [1] used similar approach to determine the extent of genetic diversity among Triti cum dicoccoides accessions.
Comparisons between Phenotypic and Genotypic Clustering
With few exceptions the clustering based on geno typing with molecular markers is in agreement to that based on phenotypic data. The deviation might be due to the reason that the phenotypic clustering was based on AUDPC for stripe wrust as well as ten other agro nomic traits. On the other hand, genotypic clustering was based only on molecular markers linked to stripe rust resistant genes in the accessions. Secondly the visual observations with respect to AUDPC and agro nomic traits used in phenotypic clustering are highly influenced by environmental variations where as the genotypic clustering is more reliable as the bands appears only when the loci with respect to the primers are present in genomic DNA of the accessions. The parents of cross B 92 × Frontana belong to cluster B and A of genotypic clustering with discrimination of 9.47% similarity coefficient (Table 8 ). According to phenotypic clustering the same parents belong to clus ter 2 and 3 of group A (Table 6 ). Of these, Frontana has previously known to have durable resistance to leaf rust at adult plant stage Singh et al. [24] whereas B 92 is moderately susceptible to susceptible with AUDPC of 143.40 (Table 3) under field condition in spite of the fact that it has Yr27 gene [25] . In cross Saleem 2000 × Tatara, the first parent (Saleem 2000) belongs to clus ter A of group 1 and 2 nd parent (Tatara) belongs to cluster D of group 2 with a difference of 11.7 percent similarity coefficient according to clustering based on molecular markers (Table 8 ). Based on phenotypic clustering, parent 1 is lying in cluster 1 and parent 2 in cluster 3 of group A with a difference of Euclidian dis similarity of 0.47 (Table 6 ). In cross Inqilab 91 × FS, the parents are separated with percent similarity coef ficient of 14.2. The parent 1 belongs to cluster A of group 1 and parent 2 belongs to cluster C of group 2 ( Table 8) . As per phenotyping, the parents of this cross are separated with Euclidian dissimilarity of 1.3 where the first parent belong to cluster 4 of group B and the second parent belong to cluster 3 of group A. Though Inqilab 91 is previously reported to have Yr27 for stripe rust resistance [25] , but is now liighly susceptible to the disease under field condition ( Table 3 ). The par ents of cross Karwan × FS has the separation by 17.0% similarity coefficient where the first parent (Karwan) belongs to cluster C of group 2 and the second parent (FS) belongs to cluster A of group 1 with respect to genotypic clustering. According to phenotypic clus tering, the parents though belong to the same cluster i.e. cluster 3 of group A but they still have the separa tion of 2.78% by Euclidian distance.
Genotypes selected for crossing
Based on field observations (Euclidian distance) for AUDPC as measure of stripe rust resistance together with molecular characterization (percent similarity coefficients) of the gene pool (Table 1) , the present grouping and clustering among the genotypes were used to select the parents of diverse genetic con stitution such as Frontana, B 92, Saleem 2000, Tat ara, Inqilab 91, FS and Karwan. Six multi genera tions (F 1 , BC 1 ,BC 2 and F 2 ) of each the crosses B 92 × Frontana, Saleem 2000 × Tatara, Inqilab 91 × FS and Karwan × FS. Later on, using Joint Segregation Anal ysis (JSA) as statistical approach, the study was extended to determine the gene action with respect to stripe rust (Puccinia striiformis f. species tritici) resis tance [4] . The genetic effects on stripe rust resistance and other agro morphological traits for some crosses will be published in other papers to avoid longevity and confusion.
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